are frustrated by the diffusion of water back from the blood through the damaged cells into the tubular urine, thus dissipating the potential energy of the urea. The low urine chloride percentage on an ordinary diet represents, in these patients, the dissipation, by water diffusion, of work done previously on the urea in increasing its concentration, and does not represent an active and unnecessary expenditure of energy in depressing the percentage of chloride in urine below that in plasma. But a further depression of the chloride percentage in urine below this low percentage reached by passive diffusion would involve the expenditure of additional energy by the damaged kidney. The incapacity of the severely damaged kidney actively to reduce the percentage of chloride in the urine is revealed in the fact that with a chloride-free diet the urine is no longer rendered chloride-free, as in health.
The idea that diffusion either of water or of crystalloids may take place through damaged cells is not entirely new but, so far as I am aware, the consequences of this conception have not been entered into previously in detail. Volhard in his recent monograph quotes two experiments in which the administration of urea depressed the percentage of chloride and the administration of chloride depressed the percentage of urea in the urine of advanced chronic nephritis. He also deduced that the walls of the renal tubules were behaving like semi-permeable membranes, and he related this to the flattening of the renal tubule cells which is a feature of the disorder. Shaw Dunn (1925) made the suggestion that the damaged renal cells in experimental oxalate nephritis are unable to prevent the indiscriminate leakage of glomerular filtrate with urea into the connective tissue and vessels of the kidney. While this explains the functional pathology of experimental oxalate nephritis, it is not a sufficient explanation by itself for some of the phenomena encountered in human nephritis, as for example the inverse relationship between the percentages of chloride and urea in the urine, and the maintenance of a chloride percentage in the urine below the chloride percentage in the plasma (which is not a feature of the experimental nephritis described by Shaw Dunn).
The hypothesis that some of the damaged cells are unable to prevent the diffusion of water appears to afford a satisfactory explanation of the main relevant features of the disease, but in advancing this view certain reservations must be made. The urine is derived from a large number of units, and in any kidney the degree to which these individual units are damaged, and even the character of the damage, must vary. The urine in advanced nephritis must be a mixture of fluids of widely different compositions, some almost normal, some which show effects of the diffusion of water and some which show the changes described by Shaw Dunn in experimental oxalate nephritis, which probably indicate that the renal tubules are so severely damaged that there is diffusion of urea and chloride as well as of water. Finally there may be a large proportion of renal tissue which is entirely functionless.
It seems unlikely that the functional pathology of advanced chronic nephritis can be explained in terms of a single pathological process, but our present knowledge is in keeping with the view that impairment of the capacity of the renal tubule cells to resist the diffusion of water is a predominant feature of the disease.
A New View of the Intrathoracic and Intrapericardial
Pressures in Man By A. KENDREW, D.M.
In 1815 Dr. James Carson [1] , of Liverpool, published a book entitled "An inquiry into the causes of the motion of the blood," and therein set forth his experiments and his views on what is now universally known as the negative thoracic pressure. At that time there was much discussion on the way in which the venous blood was returned to the heart, and supplementary mechanisms for effecting this return were not infrequently being suggested; Carson's was one of them, and there has been a great deal of subsequent discussion and discovery of how it takes place in the body. There is. little to add to-day to what Carson wrote on the elastic traction of the lungs. To the trachea of sheep and oxen he connected a glass tube which opened under water, and he observed the issue of bubbles from the tube when the lungs were collapsed by puncturing the thoracic walls. The heart and great vessels, being situated in the thoracic cavity, were, according to him, subjected to this traction and distended, thereby aspirating the venous blood from the systemic veins.
Donders [2] discovered the negative intrathoracic pressure, in man, nearly forty years later, in 1853, and measured it by essentially the same method as Carson. His view of the importance of this pressure for the circulation of the blood may be expressed in his own words:
" Even during expiration the heart and the vessels in the thorax are under a lower pressure than the other vessels of the body; the venous blood is therefore continuously aspirated towards the thoracic cavity."
Donders appears not to have heard of Carson's work. This idea. of an aspiration effect produced by an intrathoracic negative pressure had not been called in question when I drew attention in 1926 [3] to the discrepancy existing between current opinion and the actual facts of hydrostatics.
For many years the intrapleural pressure has been measured in man by connecting a U-tube manometer to a hollow needle inserted into a pleural cavity.
In 1919 Morriston Davies [4] stated that: "The intrapleural negative pressure is equal, in a normal subject, to about 6 mm. Hg, and shows only a slight excursion with inspiration and expiration. The excursion may be as much as 1 mm. Hg during quiet respiration, but is as a rule less. . . . With deep inspiration or forced expiration the negative pressure may be increased or diminished a further 1 mm. Hg." About twenty years ago some physiological work was done which seemed to support Carson's theory. Knowlton and Starling [5] showed with the heart-lung preparation that the diastolic filling of the heart largely conditioned its output, after Lewis [6] in 1908 had proved how great was the influence of a small positive pressure in the pericardial sac in causinag a fall of arterial pressure. Lewis was of the opinion that the intrapericardial pressure had never been satisfactorily measured in animals; it was, he wrote, usually regarded as the same as the intrapleural pressure.
In man the intrapericardial pressure has never been measured. This omission is all the more remarkable in that, although the general physiological influence of the negative intrathoracic pressure on the circulation has been described in all the recent textbooks, the pathological alterations of the pressure conditions have remained largely unknown, in spite of the widespread use of artificial pneumothorax in the treatment of pulmonary lesions of many kinds.
It is desirable to digress for a moment and stress the importance for our argument of obtaining a clear idea of what is entailed in the experimental work on the intrapericardial pressure in animals; the pressure is raised by running saline into the pericardial sac and thus necessarily diminishing the volume of the heart in diastole. The conditions are artificial and the conclusions, however interesting, have no direct reference to the intact animal.
Shortly after the Great War, interest in the venous pressure in man in normal and pathological conditions began to be manifest in a large number of clinics in Europe and America, and measurements of the pressure in the systemic veins were made in several ways and yielded results which were subjected to a rather premature classification and much immature deduction. The aim of the bulk of this work was to estimate the pressure in the right auricle and the general venous cistern, with the subject in the recumbent position, and the reasonable assumption was made that -the systemic veins approximated very closely to a hydrostatic svstem. After making a large number of peripheral measurements, it became abundantly clear to me that their reference to central conditions, to a right-auricle which lay securely in the middle of what we had been accustomed to regard as a zone of negative pressure, was unjustified without a knowledge of the degree of this negative pressure, which might vary within unknown limits, at least in pathological subjects. In other words, the venous channel from the veins of the forearm to the right auricle was not a simple system of tubes subject to the laws of hydrostatics, and could not be used as a manometer. The more one attempted to analyse the system as it was then -described, the more bewildering became the gradual, or, it might be, sudden change in external pressure alleged to be suffered by the veins of the body as they passed behind the sternum and approached the heart; was there a point where the pressure became negative? The fallacy lies, however, not with the method of determining venous pressure, but with our past failure to see that the chest consisted of two parts-one, bilateral, enclosed by the parietal pleura), and the other the mediastinum; in the intrapleural spaces a measured negative pressure prevailed, but in the mediastinum no mechanism had been provided to alter the atmospheric pressure which is found throughout the body. A schematic description of the human thorax will make this quite clear.
The thorax is a barrel-shaped cavity which tapers towards the upper end, and is there closed by the fascia, covering the domes of the pleurae, and by the large vessels and other structures which pass embedded in fascia to enter the thoracic cavity. The lower end of the thorax is closed by the diaphragm, which consists of two parts, a central fixed tendon and a peripheral muscle. On the tendon of the diaphragm is fixed the pericardium, which encloses the heart and a certain portion of the large vessels, passing at the pericardial reflexion to blend with their coats. The pericardium is held in place, then, by the tendon of the diaphragm and by the fascim in the upper part of the thorax. The fibrous pericardium is a strong indistensible bag. The central part of the thoracic cavity, the mediastinum, is formed of the somewhat conical tube with firm walls, consisting below of the tough pericardium, and above of the tissue in which the great vessels are fixed. Round this tube lies the second part of the thorax, the two potential spaces enclosed by the parietal pleurae, which are firmly attached to the bounding walls of the thorax, except where these membranes pass round the pericardium to which they are again attached. In these two potential spaces the lungs are suspended, and expand to fill them, stretching the elastic fibres which are an important part of pulmonary tissue, for the pull of these fibres is responsible for the negative intrapleural pressure, which subsists even at the end of expiration. In short, the lungs are always too small for the space they occupy. The divisions between the two parts of the thorax are strictly demarcated; there is the mediastinum whose structure is not in any way peculiar, and there are the two separate cavities bounded by the parietal pleura, furnishing with their contents an organ admirably designed for the purpose of ventilating the lungs. The bellows action of the thorax is efficient only if the boundary common to intrapleural spaces and mediastinum is unyielding.
When a deep inspiration is taken the intrapleural pressure may fall to -7 mm. Hg, and this would be the unsupported pressure exerted by the atmosphere on all the walls bounding the cavity: if these walls are unresisting, they will be drawn into the pleural space till that space is sufficiently diminished for the pressure therein to attain that of the air outside. Bub this does not happen, for the walls which bound the cavity are the bony and muscular thoracic cage, the muscular part of the diaphragm, and, towards the middle of the thorax, our conical bag of pericardium and fascia. The inferior surface of the central tendon of the diaphragm is unques-tionably exposed to the full atmospheric pressure transmitted by the abdominal viscera, and this pressure must be transmitted through the diaphragm to the pericardial fluid and the heart, for there is no device to prevent it.' It is equally clear this atmospheric pressure is transmitted through the walls bounding the pleural spaces, but owing to the presence of the lungs with their elastic tissue in tension, a manometer connected to a pleural space will record a negative pressure. I wish to emphasize what I am sure is now obvious, that there is no mystery in the transmission of the atmospheric pressure through the diaphragm to the pericardial and mediastinal contents, and that, moreover, if the elastic tissue of the lungs were entirely transformed into fibrous tissue, the pressure in the pleural cavities would also become atmospheric. Having disposed of the concept of a negative intrapericardial pressure, it remains to deal with the general physical principles involved in Carson's original theory. He supposed that the mere presence inside the thorax of a negative pressure sufficed to aid the return of venous blood to the heart. The principle of the conservation of energy immediately excludes any possibility of such action, for work must be done when the blood is being returned to the heart against gravity, and none can be furnished by a negative pressure which remains at a constant value.
I hope that this short outline, from a physical point of view, of the pressure conditions in the chest will stimulate investigation of some of the rarer congenital defects of the coelomic cavity and its boundaries, such as the unilateral communication of pericardial and pleural spaces.
It would be beyond the scope of this paper to do more than mention the bearing it has on many of the methods of estimating the cardiac output, and especially on the theories underlying them.
